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AU2i=9R&zATION OF TEST

1. The tests herein renorted w!ere authorized by 3ureau ef Ship's
letter, reference (a) and (b). Additional pertinent information was given
in references (c) to (J) inclusive.

References: (a) EtShips ltr. S67/46 (1O-18-DR6) of 23 Oct.
1940 to Director, 1IRL.

(b) DiShips Ltr, 567/46 (l0-18-DR6) of 17 Dec.
1940 to DirectWr, EL.

(c) BiShips ltr. S67/46 (12-31-DR6) of 9 Jan. 1941 to
Chief of Naval Operations.

(d) Opnav. conf. ltr, (SC) S67 op-20-E/AB (063020)
of 6 Sept. 1940 to BuShips.

(e) BaShips confo ltr. SS/$67 (9-6-DR6) of 25 Oct.
1940 to Opnav.

(f) BaShips Ltr. 867/46 (10-18-DR6) of 24 Oct. 1940
to Comdt. NYd. Wash.

(g) Comsubrolfor dispatch 131543 of Nov. 1940 to
Coraol for,

(h) BuShips Ltr. S67/46 (12-31-DR6) of 2 Jan. 1941
to Opnav,

(i) lhShips Ltr. S67/46 (12-31-DR6) of 15 Feb. 1941
to Opnav.

(j) NRL Report R1-1669.

9WEPT OF TEST

2. The object of the test herein reported r 8,as to investi-ate the
practicability of equipptnG subraiarines with means and equipjnent to receive
low 4'recquency tranunissions while completely subaterged. To deter' ine this,
it was necessary to make the follo.in0 te ts:

(a) The signal strength and signel to noise ratio re-
ceived by various types of antennas at various depths
and for varionýs frequencies.

(b) The best tWpe of coupling device (input transfor. er and
tuning unit) to transfer the received si,,nals frory the
antennas to the receiver eqx'ipzus-t.

In order to obtain ot!-.er pertinent inforr.a U on other. tests were jiade as

follows:

(1) Underwater bearih;(, of transaitter by null rethod.

(2) 'Q" of loops.

(3) Effect of Sea bottor.: on signz'!s.

(4) 1;oise s;urvey of shin.

co... IDEITJAL.



A33TFR•:CT OF flSfTS

3. Except for the prelininary tests on the couplin,. transformer
unit, the tests were performed on board the USS $-30, on which ship the
test equipment had been installed. The electrical tests conc'ucted to
deterrtine 2, above, were as follows:

(a) Characteristics of loo, input trpnsfonAer.

(b) lFectrical charecteristics of entenna systems.

(c) Loop I-tt 's and overall "11" Is.

(d) 'icrovolts input to loops, &dicrovolts input tc the
receiver, and signal to noise ratio for various depths
of submergence for eaca antenna

(e) The same as (d) for Cifferent radio frequencies.

(f) The seaae as (d) for bay water and ocean water.

(g) F-fect of depth wS ocean botton on received sinals3

(h) Directional effect of "Yard" lhop on received uinals.

(i) Noise survey of ship's superstnrcture.

COPFIDWTIAL - 2-



colic LusINS

(a) The resuLt_ a of tiits investigation show thst uncerreater re-
ception of low radio-.frecjuency signals is feesible. Ith
the equipment used, aignals of 1000 microvolts per meter in
air should be readable to a depth of 34 feet (above loop) in
ocean wator and 38 feet (above loop) in water of le ss salinity
(similar to Chesapeake Bay water at Smith's Point). This, as
pointed out by Bureau of Ships (reference (i)) would b- the
approximate depth for usable siG als from NSS(17.8 Kcy) at
2000 miles, predicated on the basis of no atmospherics. rurther
at periscope depths (loop depth 10 feet), a field strength of
only 30 microvolts per meter in air would be needed for this
same frequency, which would be a distance for NSS of 7000-8000
nautical miles, again predicated by the absence of static.
These calculations have been made on the basis of a one to one
signal to noise ratio and are therefore near the limit of
readable signals; however, as ineicated above, static has not
been considered, and will be the limiting factor for su.nmer
time conditions and in the tropics and will materially reduce
the range for readable gi'•nals either on the surface or sub-
merged; on the other hand, as indicated belor in (c), the
ship's noise was the limiting factor, reduction xf -:hich would
make for a greater depth of reedable sianl under ideal atmos-
pheric conditions. In considering static as a itnitin:: factor
it is assumed that the ratio of signal to static wrill not ma-
terially change whether reception is acuomplisned 'ro.l e sub-
merged,or an above water, loop collector.

(b) The concentrated loops, "Yard" and "IN", although not su)ply-
ing as many .icrovolts to tic receiver Ps the clearinc line
loops, were more efficaciour Oecacse of the lower noise level.
The "Yard" loop was the better of the two.

(c) l.ith the equptaent used, the ship's noise was the lin-iSting
factor for depth of submerfence. lor a given receiver sensi-
tivity (high enough to produce noise on all loops), the f rounded
Aft. loop had the greatest noise, next being the ''oniard loop,
and then the "Yard" loop, with sliLhtly greater noise than
the "DQ" loop. This is as nmiht be expected, considering the
relative couplinL of the various loops to the hull, in vwhich
there is Inovm to be large induced currents, This induced
current could be expected from, the use of the powerful d.c.
nmachinezy i:sicde the hull. Mnother source of this induced
hull voltagE might possibly be from the electrolytic action
3et up by di.2similar metrls of the, ship wv 'n in salt water.
For instance, the difference in .)otentirl oetvteer copoer and
iron in sea rater is .13 volts and betwacton 1.rass and iron, it
is .17 volts. Inasuuch as the li,,ting noise ras worse in
the ocean than in the bay, tihere may be some besis for this

CU!,?• ILEK'TIAL
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last, premise. it 'rdg..t we possible vi tl ih. rovad nosi titrninr:

-of a concentrated loop and with sh,.rter, better s:,ul-ed 1,:ads,
to reduce the noise oick-up. Probably the noino factrr woUld

be a problem for each type of suomarine, if not for each individual
vessel.

(d) The in:'ut couplir,; transformer is of sat.L f,'-cttur° d'tA rn. Tt
gives a coupling of about 70 to 5-, whiich: nrhbinre& v th its
high "NQ", s;ives a very good overall N"•< and voltnc~o step-up
for the whole s.stc1.* It was found that a JijtV nmismatch
of the input impedance (lower impeoaaLce than loop,) gave an im-
proved "Q" x steip-up ratio with a decreased "Q" of loop, as
in submergence. ;m improvement of "Q" x stop-up ratio i1 4ght
be secured by a better rolybdenwt-permalloy core; on the other
hand, a well designed transformer with a corannercial iron-dust
core might give somewhat poorer results at an ajreciable sav-
ing in cost but an increase in size.

(e) The depth of sea bottom suums to have practically no If:fct on
the raceived sig-nal strenngth.

(f) The directional effect of the "Yard" loop (presumably the same
with the other loops) is quite pronouncea, Sijnals frot::m W,
show a very marked minimun with the plane uf the loop at 90O
from the station bWaring. Bearinas can bv taken with good ac-
curacy. In this connection, it is to be notcd that maxiumni.
submergence for a given station can be secured only whcn the
loop is on the 'maximum" of the station or within approxiratdly
*10° or + 1800 1 10* of this bearing. The loops on the USS
S-30 were fixed in position, and mountcd with the plane of loop
parallel to the longitudinal axis of the ship. It also should
be noted thrt it may be possible that the hull of the ship it.-
self may pick up soma signal and reflect this into the loop,
consequently a rotatable loop cross ways of the ship might not
produce in the receivcr the signal strength as indicated in this
report. Even though this were true, a loop plrwcd well above
the deck probably would not be so affected because of the rapid
attenuation of the signals by water.

(g) The experime.tnL data checks very well with the theoretical
attenuation of s: mnals with depth for various froquncics, The

lower the frMquency, the lour the attenuation. For the exam-

plc given in (a) above, (1000 microvolts in air ;iving n loop
depth of 34 feet at 17.8 Icy), 6000 microvolts would be required

for the same depth at 32.8 Koy.

(h) The best physical shape of the loop for underwater rucuption
is not the same as in air but is long arid narrow, with the long

side parallol to tiK surface of the water, However, the gain

in signal strength over that for n conventional loop mpy nAt be

CQJFIDESTIALS.. ..- 2 b'-



worth while because of miechanical consderations. (Plate 23,'
Further loop desi; characteristics were not r,0a. e in these tests.
However the loop I." 's, characteristics, and effectiveness com-
bined with NRL Report R-1669 (reference (j)) may be used es a
starting point in the design of the best loop for undervater lowr
radio-frequency rece-Vions,

(i) It is to be noted that no natural static entered into the re-
sults of the tests,

(j) Suumary of factors entering into the underwater reception of
low frequency radio signals.

(1) The lower the frequeacy, the greater the submergence

possible for a given surface field strength,

(2) Bearing of the loop.

(3) Location of loop for least ship's noise pick up.

(4) Desifn of loop, inciudln:, "W.", effective hei:htand
physical shape.

(5) Design of couplinL, unit, inclu6ing 'K", couplin-, ratio,
and irapedence values.

(6) Coupling to receiver.

i, i- CE: I L



The tests as herein recorded incicatc that the CquipO':erit, rs
installed on the USS 5-30 is capable of satisfoctory undervater rr•cwtion
of low radio-frequency signals. There are certn imm one..:cnts that
might be made. <'ith this in vmew, the followrinv recommendal.ionu.; ar, lade:

(a) That underwater reception of low radio-frequnilcy tY:,l' be
considered as practicable and uueful for coz...-nicz'tion ii " duo
regard is placed on .epth limitntionu, w.v ich are rrovernid by
the frequency employed and the field :stronth at !.he smnfacl.

(b) That in such instcliotiono a loop of opt.ijrium elect.rical] chara-
cteristics ,..atible vwith l, h cout;u.cry ..:rc iicaL foatvr'es
be de~igned. th ,,l,,td .,opbein, used as a rec'er.nce Cro1 -.

which to Sc;art.

(c) Thatconsideration be ,,iven to txir desir-bil.ity of rotating
said loop uoth Cu.r earin, purposos . n £0! ol;tiiri:s• LIP mxr-
mum signal stren-th without the necessity of turnin., th9 :ip.

(d) That consideration be given to the desi•m of Uhe input. coupling
transformer a3 to whether maximum elficiency must .,e had or if
a lower efficiency can be tolerated with a possible decrease in
the unit cost.

(e) That consideration be siven to the input circuit dmsi,- n -i4 the
receiver used, in order to maintain a high overall "4" of the
system.

(f) That consideration bo given to the possible methods of roduciii;:
the interfering "s.hin's n•-it".,

"CO-.'±i.'IDTETIAL
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:-LTUIAL MILhER, TEST

4. The material under test consisted of the following:

(a) One - Input couplin2 device. The input coupling unit to the
R.f. receiver was essentially a tightly-coupled transforr,er with
the secondary tuned by a 1000 micromicrofarau variable. conden-
ser, In order to -et the most signal strength pousiule out of
the loop systems, it was necessary to keep the dl.ý and coupling

coefficient as high as possible; for this reason high penreability
iron ('.estern Electric 2-81 1olybdenum permalloy) was use.( as the
transfonner core. The primary and "econdary consisted of pie
windings alternated to &ive as nerr unity couplink as possible.
Universal-wound litz vire coils were used, The transformer
was thoroughly impregnated in Superla "ax. The primary was
tapped so that an input impedance of either 22 or 114 microhen-
ries could be obtained to match the loops. The se:ondary in-
ductance was 303 nil ihenries. Due to the high inpedance-ratio,
a reasonably snall variable capacitor could 'e used to tune the
loop. The output of this system coupled to ' he grid of the
first r.f. tuue of Uie v!h, wile the ground return '.as miiade
through a 5 megohsa resistor to the grid return of this tube.
":iade by the Naval Reseprc; laboratory. (Table s I and 2 end
Plates 26, 27, and 26).

(b) One - RU, receiver. Thb: s was a stondard tyre R'T, -r Lh the
input coupling transfct:rer co:inected to the ?rid of t'hc first
tube. (1'o. RV 46044 Serial 512) ! anufactured by P.02. (P] Pte 28)

(c) One - Clearin;, Line Loop (zroundcd to the hull). Referred to
hereinafter as the .ft Clearing Line Loop, it was 1aa6e Of rub-
ber covered wire secured ty ...arlin line to the aft cle.rinlY line.
The wire was d'o. 6 weith Ppproximately 3/16 inch insuletion (1/2"
0.1D. approx). It was well e rounued to the ship' s hull at the
foot of the aft stanchion vthile the "high" end was brought donM
from, the clearing line to the regular ship's raCio lead-in in-
sulator. The approximate length was 55 feet with the height
of the high and 1c, ends of the flat top portion being respective-
ly 10 feet and 4 feet above the deck, (Plate 23, Tables 3 and 4)

(d) One - Clearinr. Line Loop (unxrounded) Referred to hereinafter
as the Forward (Fore) Clearing Line Loop, it was regular sutcarine
loop cable secured by porcelain claxps to the forward clearing
line. This was seven conductor No. 10 wire with a)poroximately
3/4" rubber insulation, the outside diameter being approxi~mately
2 inches. The "high" end was brought down from the "A" frruats to
he ship's radio lead-in insulator w-hile the "'l'v" return was

laid along the deck (secured thereto by ntarlin line) and brought
up throagh the conning tower structure to the ship's radio lead-
in insulator. The appro;:r,,ate aenth .;as 69 feet - ith the
heights of theigh and low ends of the flat tcp porý,.on .eing

-3



respectively 14 'e. 5 feet [AO'I2 "y - ,;eck. (Plate 23,
,ablŽ s 3 ;,mnd 4)

(e) One - "D," Loop. Ti- was e standard Uaval dircc..,?n-'inder
loop mounted on the starboard side of the sLip just a-t of the
conning tower. This loop is ;nc of 8 t5rns of stranded wire
(equivalent to 1G6 - S ,$auge), havin; a mean dia:.eter of 20.5
inches, (Plate 23, Tables 3 and 4).

(f ne - "Yard" Ioop. -Thos loop was m.d b,-y the Pn.ioL t
of the 14as1±in;ton Navy Yard to the suggestec sp-cificatbn, s of
the Naval Research Leboratory. it was :.r- e u,, of 2)1 turns of
N$o. 10 rubber covered wire (,/121 packard cable) in a loop of 21
inches, outside disa.,eter, it' inches - inside ciaeter. ThAis
was ;,laced inside of a loop &haped box 1tede of 1" oak boards
22 inches in overall diuensions with cross section of 3 - 1/2
inches. This box was placed inside P second loop s.hapeu box
riadew- of -" oak boards, 30 inches in overj-il dLiaensions wiith a
cross section of 9 inches. The space betweenvwas filled with
Ozite. This loop was mounted siilerly to the "D,,' loop but
on the port side of the ship. The lead,-in wires, as in the
"DQ", passed into the conning tower through a specially nade
stuffing box. T e d-.n -. viros thcen going through the conning
tower hatch into the control roor and to the receiving equipment
located on the 2Z'roscopic compass table. (I'lates 23 and-24,
Tables 3, 4 and 5).

X7THOD 0? TPBST

5. The following instruments or Poparatus were employed it conduct-
ing the tests described heroin:

(a) Standard Signal Generator, General Radio , odel LN C03G 60004 -

Serial 18,

(b) Output Aeter, General Yadio Company, 483C - No. 92.

(c) Output 7'eter, Ballantine, odel 300 - No. 14.

(d) Oscillograph, Dumaont, l-oc¢el 168 - No. 927.

(e) 'Q" Ueter (a."odified for 17 Kcy.), Boonton Rae-io Compeny 1OOA -

No. i7n.

(M) Condenser Bank, beo. 14, Pattern 1797 - No. 2073.

6, The loops were installed on the USS S-30 by the Radio Laboratory
of the ':ashington Navy Yard. The lead-ins for the "Yarc', and ,DQ" loops
were brought into the ship throush a special stuffing box in the conning
tower, wile, for those of the clearing line loops, use was made of the
ship's regular radio lead.4n insulators. On the S-30, these are mounted

4-



aft of the conning.; tower near the "S0" fra.Les, to which the top end of the
clearing line loops were secured. )Plates 23 and 24).

7. During these tests the USS S-30 operated out of :Ltiapolis,
Maryland. k preliminary test was made on 20 December 1940 to detenaine if
any changes or further equipment were necessary for the tests.

8. Regular tests were made during January and Vebruary 1941 as
follows t

(a) January 6-9. Near Smith's Point in Chesapeake Bay. Area
76• 31' 1.. between 37* 43' 1 and 37? 51' i-.

(b) January 13-17. Off the Virginia Capes. Area 76* 1' .;
36" 35' N4 on a bearin- of 153* for a distance of 25 nautical
miles.

(c) February 17-20. Near Smith's Point in Chesapeake Bay. Area
76" 1U' W between 37' 43' 71 and 371 51' B.

9. Tests were made on specipl transmission from stations IBA - 24
Key. and N13 - 1544, 17.8 and 32.8 Khcye, as well as tests on these stptlons
and on "CI - 18.4 Kuy. during their regular schedules.

10. Th means of a switch on the couplin& device, any- of the lotips
could be coupled to the proper input iiapedence of the inpuat trans 'ormer, A
second switch made it possible to insert the terminals of the sisnel :enerator
in the circuit of the loop under test or connect them directly to the re-
ceiver terminals. This mswtch also permitted the coupling of the "Q', ,eter
to the secondary of the input transformer for makin6 secondary "ilt measure-
mentse

i, The "Q" of the loops was measured, usin- the "I meter as a
source of 1 .5 p ..".r. - .a Ballantine 1-eter to .e...u.re th nput ea
loop voltages. The "Q" Yas taken as the ratio of loop voltage to the input
voltage. , condenser bank of 2 tmicrofarads totpl capacity was used L.o tune
the loop to 17 Ncy.O

12. An outmut meter wilth 600 ohws termination ,ns vcisr tn inriratn
the stanuard output and the noise level of the receiver. It wrvs also used
in conJunction with the KI11 sensitivity control to neas, - t.e a ttenuaton
of si-n;l vrith submaerged depth.

13. It was found in the pre)iminar", tests thc.t the best r c,. v-r
:) adjust..tent for Lll conoiticns'.s as follov-s:

(a) v. i. Trirzner -- 50.
(b) Regeneration Control- 2.
(c) !.,VC - Off.
(d) ... v.T.Tuning - ½n, 770- 1300 positior 3.

CO'w :DE ?',L - 5 -



14. In measuring the tidcrovolt.8 to thc loOp and to the receiver,
readings for a given toot (freluency aMd station) were taken for all loos
at a given depth and than for other succeedin depths. (See Table 7 for
a condensed sample of readings.) Actually the ship, when submerged, might
not maintain a given depth for all loop readings so that the actual deoth
was recorded when adjustments of the receiver were made. The complete
list of readings taken are as follows: Date end Time; Bearing; Sign& Identi-
fication; Signal Frequency; Tuning Unit - Selector Switch (Loop), and Uial
Setting; Receiver-Band, frequency Dial, Rfeleneration Control, Sensitivity
Control, R.F. Trimmer, and AF. Tuning; Output-Lignal and Noise on Mhning,
Noise only on tuning, Signal and Doise with S. G. in Primary cud Noise only
with S. G. in Primary; Signal Generator-Primary Reading end sctual micro,-
volts and receiver reading and actual microvolts; Location of subm.arine)
"N" ieter - Secondary ",(, Capacity and IIQW L1eter Dial.

15. Though the methoo used in 14, above, 'would uive the attenuation
of signal with depth, separate dives were also made in vhich thp output
signal was read on the output meter for every 2-foot depth from the surface
down to the limiting noise level, Ulien the output volts dropped off by an
order of 10, the sensitivity of the receiver vas readjusted so that the run
could be continued. In calculatinj the resultant output the noise volts
were subtracted from the signal and noise reading,

16. In the test of the effect of the sea bottom, the ship traveled
at a constant submerged depth (periscope depth ± 2 ft., loop depth 9 ± 2 ft.)
for a distance of 25 nautical miles which covered a sea bottom depth of 20
to 500 fathoms. Output meter readings were taken continuously, the sub-
merged depth being recorded for each reading.

17. In testing for the bearing of The transmitting stetion, the
ship was moved through a 360" arc.

18. A noise survey was mode of the ship's superstructure b, utiliz-
ing a loop, connected by a long two wire shielded microphone cable, to the
input coupling transformer. The test loop was coupled as closely as pos-
sible to the metal of the deck and superstructure to determine any particu-
lax noise spot. in this test various speeds- (e1.etric drive) were tried.
Also during actual diving operations, a test of noise was made unler dif-
ferent actual diving procedure.

19. Complete data were recorded for all tests conducted. This in-

fonaation is contained in Tables 1 to 8 and Plates 1 to 28, inclusive.

20. Submerged depth ± 1'
MIcrovolts received Signal ± 10%
Signal/Noise ratio± 10%
Output Ueter Reading ± 10%

C'AIDEITIAL 6
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21. ;Kicrovolts to the receiver with subuerpenc depth. The clear-
ing line loops, dAe to their large size, supplied a greater vPl1e of ruicro-
volts to the receiver than the small concentrated loops; however, cte to
the greater noise pick-up in the clearing line loops, reception of signals
was not as satisfactory at an g: )at depths as on the small loops. This was
true both in the bay and ocean. Unfortunately, in the ocean tests, the
ship's batteries were low so that the receiver voltage was down 30>. AL
later check indicated that, with nortlal voltage, the mocrovolts to the re-
ceiver should be increased 4yr 14% with no increase in the siýnal/noise
ratio. The results for the ocean teats have been corrected for this. The
iL.iting noise was of two main types - cornutator noise and crashes. The
commutator noise weq present only occasionally while the crashes were present
on high receiver sensitivity on the cloarin. line loops and to a lesser ex-
tent on the small loops. (See 2iates 1 to 11, inclusive.)

22, Field Strength in A-ir with Depth of P.e&-•L!7tle St___iA. These
curves were calculated Srou: Plat s i to 11, inclusva. and from the known
field strength of N31 in Chesapeake Lay, assurwin- a pcsible repdable signal
havin. a 1 to 1 signal to noise ratio. (Plates 14 to 19, inclusive).

23. orjiiental Proof of.the Theoretical Attenuation. The experi-
wental results of attenuation with depth anct frequency check !5. thin experi-
mentEl error with the theory (reference (J)). (Plates 12 and 13).

24 v Th. effect of the deloth a the sea bottom. The depth of the
sea bottom seems to have practically no affect on the strength of the signals.
(Plates 20 and 21).

25. Determination of Station Dearing by "Swin;4inp-" the Loop Intenna.
A test of the bearing of NBA with t hie ,Yard,, loop, both on the surface and
at periscope depth (13' to loop, 45' to keel) checks perfectly with toe true
bearing and is indicatAd by a very sharp ixinimwn. (Plate 22)

26. Teat of For ard Clegrino. Line Loop. In order to determine the
best type of clearinc line loop, measurements were made of microvolts input
to twe receiver with the Forward Clearing Line Loop as originall" installed,
trith the loop cut and grounded to the hu11, at th- forw.ard e- and- with the
loop cut and left open at tie top of the forward stanchion. Best results
were had in the original method as more noise and less signal were received
in the other cases. Then used open as aflat top antenna the signal strength
was dawn to one tenth of the oricinal. However, in this latter case, proper
natching was not obtainablej when connected directly to the receiver without
the loop transformer, no signals could be hear, at 60 feet (keel depth, 27
feet, loop depth). (Table 7).

27. Noise Survy. ; test was carried out to tri to determine the
source of the ship's noise but this was inconclusive in results. * test
loo-, connected to the receivin& equJpment by a two wire shielded line, was

C T •IDD1TIAL
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carried ahno-' ,on the zlp'•. dcci. ai5uperFtl Liutre. it was coupied as
close], as o sible tc tioe .-etai structure but no cnen e in noise was noted
for various positions on tiis structure or vrith various speeds (electric
drive). .. further test with the loop closely coupled to Lhe inside of tie
huLl mLa made during a dive. ith the receiver adjusted to -ive over one
hcli volt of noise, no change vras noted during various divint operaticns.The:.e operations included various s_)eeds, operation oi. divin,; vanes, ':,era-
tion of st-eri_.n rudder motor, operation of ballast pumps, and a conplete
stop of all equi!p.nent. The -irin, of th-is ship is ver. old Pnd continuous
chaeckinz is made to elininate extraneous ",rounds" ccnseqpcztly as none of
tKe zevere "crastes", obtained in the ocean tests, were prese-t it may be
nossible that these crashes arose 'rom some internittent ",round". However,
it is felt that the results as iný,icated above are not co.,clusive in any
vay. (rable 8).

2,. TheoreLical considerations of the desisi of nl loop tor unier-
ater reception suseoted b.- reft-rmnce (j) indicate That a narr-os loop with

its lon2 side parallel to t:,e water surface is be:zt. 'ihis is w;..ore ;.ro-
nounced the larger the loop. (-Ieference (j) and Plate 2?.:).
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29. The results of this inveat•getin show that underwater recep-
tionu of low radio-frequency signals is feasible. Trith the equipment used,
signals of 1000 microvolts per meter in air should be readable to a depth
of 34 feet (above loop) in ocean water Pnd 38 feet (above loop) in water
of less salinity (similar to Chesapeake Bay water at Smith's Point), This,
as pointed out by Bureau of Ships (reference (i)) would be the approximate
depth for usable signal froia NSS (17.8 Key) at 2000 miles, predicated an
the basis of no atmospherics, lurther, at periscope depths (loop depth
10 feet), a field strength of only 30 microvolts per meter in air would be
needed for this same frequency, which would be a distance for NSS of 7000-
8000 nautical miles, again predicated by the absence of static. These
calculations have been made on the basis of a one to one signal to noise
ratio and are therefore near the limit of readable signals; h•wever, as
indicated above, static has not been considered, and will be the limiting
factor for simmer time conditions and in the tropics and will materially
reduce the range for readable signals either on the surface or submerged;
on the other hand, as indicated below in 31, the ship's noise was the
limitin" factor, reduction of which would make for P greater depth of
readable signal under ideal atmospheric conditions. In considering static
as & limiting factor it i ms assed that the ratio of signal to static will
not materially change whether reception is eccomplished from a submerged,
or an above water, loop collector.

30. The concentrated loops, tiYard" and "DQ", although not sopply-
ing as many microvolts to the receiver as the clearing line lo<;ps, were
more efficacious because of the lower noise level. The "Yard" loop was
the better of the two.

31* Wiith the equipment used, the ship's noise was the limiting
factor for depth of submergence. For a given receiver sensitivity (high
enough to produce noise on all loops), the grounded Aft. loop had the
greatest noise, next being the Forw:ard loop, and then the "Yard' loop, with
slightly greater noise than the "Dt" loop. Thir is as rmi-ht be expected,
considering the relative couplint of the various loops tIo the hull, in
t'ch there is .kinown to be larje induced currents. This induced current

could be expected from the use of the powerful d.c. machinery inside the
hull. Another source of this induced hull voltage witht possibly be from
the electrolytic action set up by dis..i.ilar t-of the ship ven in
salt water. For instance,.the difference in potential between copper and
iron in sea water is .13 volts -nd between brass aud iron, it is .17 volts.
Inasimuch as the limiting noise was worse in the ocean than in the bay,
there msy be some basis for this last premaise. It might be po sible with
improved positioning of a concentrated loop and with shorter, better
shielded leads, to reduce the noise pick-up. Probably We noise factor
would be a problem for each type of submarine, if not for ench individual
yes sel.

32. The input couplinL transfon:ier is of satisfnctory aes' n. It
"jives a ecoupling of -bout 70 to 85%, Wtich, co:bined with its hih "2'"

;ives a very good overall "Q" and voltp:,e step-up for thie VIiýO.p rysten.
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T .as fo•vt•. ha a -slght :-iq +tch -of th.ep inm.t imprnetnce (low'er i.Lpedance

than loop) gave an improved "tl step up ratio with a decreased "Q," of

loop, as in submergence. :-in iprovenent of "I-" x step up r.rtio -ndht be

securAd by a better raolybdenum-pena) bloy core; on the other ;and, a well

designed trpnsforxaer with a commercial iron-dust core nJ•ight iye slrCeshat

poorer results at an appreciable savinz in cost but an increa:se in size.

33. The depth of sea bottori seems to have prnctic1lly no effect on
tue received signal strenzth.

34, The directional effect of the "Yarctl loop (presuatbly the same
writh the other loops) is quite pronounced. Sitnals from iUIýJt show a very
marked iinim= with the plane of the loop at 90° from the station bearing.
Bearinugs can be taken withl good eccurecy. In this connection, it is to
be noted that md.jimum submersence for a given station can be secuored only
when the loop is on the "mrtuu•i" of the stption or within ao-Prod::,@te'ly
± 100 or + 3:806* +10 of this bearin., The loops on the USS 5-30 were
fixed in position, and mounted vrith the plane of loop parallel to the longi-
tudinal axis of the ship. It also slhouid be noted that it :asy be possible
that the hull of the ship itself may pick up sone sigmal and relic et this
into the loop, consequently a rotatable loop cross ways of the ship mtidht
not produce in the receiver the sinal strength as inicated in this report.

Even thoush this were true, a loop placed well above the deck probably Vould

not be so affected because of the rapid attenuation of the sinals by water.

35. The experimental data checks very well with the theoretical
ettenuation of sipials with uepth for various frequencies. The lower the
frequency, the lower the attenuation, For the example given in (a) above,

(1000 microvolts in air giving P loop depth of 34 feet at 17.8 !icy), 6000

ricrovolts would be required for the same depth at 32.8 Kcy.

36. The best physical shape d[ the loop for underwater reception
is not the 8me as in air but is lon, and narrow, w.ith the lon- side par-
allel to the surface of the water. -iowever, the gain in signal strength

over that for a conventional loop may not be worth wiLle because of n-e-

capnical considerations. (Plate 23) Itrthor loop desin characteristics

were not made in these tests. tiowever the loop -. Is, characteristics,
and effectiveness combined with ilL Report P1-1669 (reference (j)) nay be
used as a sLarti-La point in t-h des-&--• , of the be34 loon Lor .. er.,,ater low

radio-frequoacy receptions.

37. It is to be noted that no natural staLic entered into tne re-

sults of the tests,

38. Stumiary of factors enterin. into tWe uncerwater recention of

low frequeacy rcdio signals

(a) The lower the frequency, the greater the am.er:ence
possible for a given surface field strength.

(b) nearing of the loop.

- 10 -



(c) Location of loop for least sliip's noise 2ic]h up.
(1) Design of loop, inclvcdin " m ', e.iTective hei:,ht, tnd

plysical shape.
Ce) Lin of' coup;inu unit, includinm coup-•inag r'tio,

and impedance va.lues.

(a') Coupling to receiver.

cQIJFI$•EJ.1 ' A4 L
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TABLE 1

Electrical Constants of' Loop Input Transforraer

"If"Qt Coefficient
Transformer Resistance Inductance 1000 17 of

Section Connections Ohms IHicrohenries Cycles KL Couplin-,

A 1-2 .080 114 7.2 47 .858
1-3 .040 22 2.4 - .71
2-3 .040 4ý1 4.3 28 .7448 1-2 .080 114 7.0 46 .865
1-3 .037 22 2.5 -- .715
2-3 .043 41 4.0 26 .91

A * 3 1-2+1-2 428 15 72 .89
Secondary 75.2 303 milli-

henries 27 105

Note: Section A 1-3 used for lovw impedance loops ("tD7, etc.) and Section A 1-2
used for hither imTpedance ("Yard", loop)

TAB'LT V 2

Measurement of "Q't x Step-up Ratio at 17 Kcy.

Transformer Pri. Inductance "Q" x Step-up Ratio Res. Added
Microhenries No. added R. R Added Ohms

#/2
Simulating

Loop
46e 428 660 190 5

114* 670 300 5
41 500 320 5
22 380 300 5

123 114 1200 440 1
41" 1160 600 1
22 1100 640 1
41 1680 880 1/

114 1000 480 1i3
22 1560 720 1A

*Condition used in Tests on USS - S-30

CO•DMTAL•



TABLE 3

Electrical Constants of Loops on USS 3-30

Resistance to
Inductance Ground

-40-02 Microhenries Negohms

"Yard" 550 1400 - 1800
"DQ" 90 5000 - 8000+

Aft. CL. (grounded) 45
For. CL. 70 4.2

TABLE 4

"Q" of Loops on USS S-30

Loop "Q% Effective Secondary "QII*
Air Submerged Air Submerged

Bay Ocean Bay Ocean

"Yard" 74 so 43 60 50 45
"DQ " 6.7 5.4 3.7 30 20 --

Aft CL(gr.) 11 3.3 40 -- --
For. CL 16 7.85 7 50 30 20

*'easured in secondary of couplirn- transformer. Readings below 30

vwere estimated. - Reedin-s too low to measure.

*4,1o reading taken.

TABLE 5

"7" of Yard Loop with Submerged De)W.
(Ba:y 'Water)

Loop Depth Q
Feet

Surface 70
o* 55.5
4' 50
9' 43
10' 47
10' 50

*iaves breaking over loop.

COi;; IDS4T.-±



TABLE 6

Sample Set of R adlngs

Output
Depth Sim. + Si!. + Sial Generator
Oau-,e noise noise Primary Secondary

(Depth Sensi- on Noise S.0. Noise Actual Actual
to keel) tivity tuninz only in Sec.only Micro- icro-

feet jf Readin Volts Volts Volts Volts Readin volts jeadinr Volta
Surface "Yard" C.3 1.9 0 1.73 0 930 4.05 2300 1150

"DQ" 8.5 1.19 0 1.8 0 280 1.22 1400 mOo

ACL 6 1.9 0 1.75 0 6500 28.3 95000 15600
"FCL 6.1 1.9 0 1.76 0 5300 23.1 98000 16300

40 "Yard" UCA2 1.9 .3 1.7 .2 270 1.18 670 335
"DQ" 9.0 1.9 .1 1.65 .1 130 .57 550 225

"ACL 8.3 1.9 .7 1.7 .6 400 1.74 2000 1000
N FCL 800 1.9 .1 1.8 .2 450 1.91 2000 1000

50 "Yard" 9.2 1.9 .3 1.8 .3 63 .27 310 155
48 "DQ1 9.6 1.9 .2 1.75 .1 20 .087 96 48
48 ACL - - - - - - -- --

48 FCL 8.3 1.9 .1 1.8 .2 340 1.48 2300 1150
62 "Yard" 9.8 1.9 .8 1.8 .7 14 .061 51 25
60 'DQ" 10.0 .7 .3 .7 •3 4 .017 18 9
60 ACL - - - - -- -- - - -

60 FCL 9.0 1.9 .4 1.7 .3 55 .24 370 185
70 No signals any loop

CCNFIDNITI.L



PZL 7'

Result of r'hanges in Forward Clearin.2 Line Loop

(,TCI - 18.4 Ic. in -'ay -- Dearing 00)

Depth Sen si- Output ''icrovolrts
Loop to keel to loop tivity . Noise Noise To To

rqet JmnL kesiýa volts C.nly-I o Receiver

Complete loop 40 7 6.7 1.9 0 23.2 8150 *

60 27 7.3 1.9 11 4.35 1300
70 37 7.8 1.9 .2 4.35 1100

Cut and grounded 40 7 7.3 1.9 0 10,9 4700
60 27 8.0 1.9 .3 2.61 600
70 37 8.3 1.9 .8 .78 400

Cut and open 40 7 8.1 1.9 .15 -- 500
60 27 8,8 1.9 .9 -- 120

* Keying dots

Notes iith open loop coanecte& to secondary of transfor ier
(arid of tube) no signal obtained ct 60 feet (to keel).

TrBLE 8

Noise Survey

Test Loop Outside

Receiver
OpeiivýZQration aamtpu Remarks

9. Slow speed o7 ) Same over all parts

9. Normal speed .7 ) of deck and superstructure

Test Loop Inside *

9. Normal specd .6- .9

9. Fast speed .6- .9

9. Stop .9

9. Slow speed .6- .9

9. Trim pumps .6 w9

9, Diving vanes .6 - .9

* Cloaqly coupled to retdi hull.
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FROM: Mary Templeman, Code 5227
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CC: Chuck Rogers, Code 122 1.1 I/'"'

SUBJ: Review of NRL Report(s)

Dear Sir/Madam:

1. Please revi NRL-FR-3605, FR-1669 and FR-1717 for:

;ý Possible Distribution Change

[I] Possible Change in Classification

Thkyou,

Mary Temp~man
(202)767-3 125
marytlibrary.nrl.navy.mil

The subject report can be:

0 Changed to Distribution A (Unlimited)

E] Changed to Classification

El Other:
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